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[57) ABSTRACT

An automatic contour tracking method for CAD in
which a start element is indicated from continuous ele-
ments of a drawing on a display, and the tracking direc-
tion and the internal turn and the external turn are set,
and the continuous elements are sequentially discrimi-
nated and selected according to the tracking direction
and the internal turn and the external turn on the basis
of the start element as the basic point whereby the con-
tour data 1s obtained automatically, the automatic con-
tour tracking method including finding an angle € be-
tween a final selection element and a candidate element
to be chosen next when the next candidate element to be
chosen next appears on the final selection element, and
selecting one element from among a plurality of candi-
date elements to be chosen by giving a priority on the
element having a smaller angle 8 in case the contour
tracking is the internal turn, and giving a priority on the
element having a larger angle 6 in case the contour
tracking 1s the external turn.

9 Claims, 7 Drawing Sheets
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AUTOMATIC CONTOUR TRACKING METHOD
FOR CAD

BACKGROUND
BRIEF SUMMARY OF THE INVENTION

This invention relates to an automatic contour track-
ing method for a CAD (computer aided drawing sys-
tem).

The contour tracking of drawing on a display has
heretofore been carried out semiautomatically. In case
of the contour tracking of the drawing on the display
shown in FIG. 19, the tracking of the contour from a
start point S to an extreme point a on an element liné
segment is possible, but the motion of the tracking stops
at the extreme point a. When an operator at this time
indicates an outside , an automatic tracking of the
element of drawing to the next extreme point b takes
place, and the operator indicates again which is chosen
at this position.

As described in the foregoing, in the case of the semi-
automatic tracking function, the operator’'s indication
has to be made on which tracking ought to be made
whenever the tracking is stopped at the extreme point,
which results in the drawback of a poor manipulation
property. An object of this invention is to eliminate the
foregoing drawback.

DESCRIPTION OF THE DRAWING FIGURES

F1G. 1 15 a flowchart;

FIG. 2 through FIG. K(B) are explanatory drawings;
and

F1G 19 is an explanatory drawing of a conventional
techmque.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

The construction of this invention will be described
in detail in the following by referring to the attached
drawings.

In the first place, the summary of this invention will
be described by referring to FIG. 1 and FIG. 2.

In the practicing of the automatic contour tracking
program, entering from a block 1 in FIG. 1. the opera-
tor selects and determines a start drawing element for
starting the automatic contour tracking, tracking direc-
tion, and tracking of the outside contour or tracking of
the inside contour, and he causes a cursor to hit at one
point on the display on the basis of these decisions.
Depending on the hit position of the cursor, each of the
selected elements 1s automatically set by a block 2.
Next, the program shifts to a block 3, and the program
of the contour processing ts taken place, and an extreme
point processing and an angle setting to be described
heremafter takes place. When the cursor 1s hit at posi-
tion on the display, the contouring of the drawing
takes place in such a way that the tracking of the outside
contour takes place toward the direction of an arrow
mark using line segments A and B as start elements, and
the drawing element as a result of the tracking becomes
an element as shown in FIG. 2B. When the cursor hits
at the position  on the display, the inside contouring
takes place in the direction of an arrow mark, and the
drawing element as a result of the tracking becomes an
element as shown in FIG. 2C. In the block 3 of F1G. 1,
the continvous elements are sequentially discriminated
and selected according to the automatic contour track-
ing function from the drawing element on the display
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2

drawing, and as the contour data. they are copies on an
indicated layer (layer in information file control). At
this time, the copied contour shape is rearranged so that
the drawing elements such as straight line, arc and the
like are continuous.

Next, the start element indicating program of the
block 2 1n FIG. 1 will be described 1n detail.

In the automatic contour tracking, there is a need of
indicating in the first place, from which element
(straight line/arc) the start of the tracking which takes
place hereinafter, in the first place from which element
(straight line/arc) or indicating the tracking direction of
the contour and the tracking mode of internal turn/ex-
ternal turn by means of the cursor. The indicating point
that indicates the start element signifies the tracking
direction of the contour and the direction of the internal
turn/external turn. Assuming that the flag representing
the internal turn/external turn is CCW, in case, the
indicated element, namely, the drawing element closest
to the cursor hit position is the straight line, and as
shown in FIG. 6, assuming that both the extreme points
are A and B and the cursor indicating point is P, the
tracking 1s the internal turn provided that an angle (an
angle BAP 1n case of FIG. 6) formed by the extreme
point far from P and the P centering the extreme point
closer to the P i1s smaller than 7, and 1 is set on the
CCW. In the case where the angle 1s larger than 7, the
tracking is the external turn and — 1 1s set on the CCW.
As shown in FIG. 7, the indicated element 1s the arc,
and angle 6 (an angle, A'BP in case of FI1G. 7A, and an
angle B'AP in case of FIG. 7B) formed by a point of an
optional length of a tangent drawn to a direction of a
curved line of the arc from the extreme point centering
the extreme point closer to the P and the P 1s smaller
than 7, the tracking is the internal turn, and 1 is set on
the CCW, and when the angle is larger than m, the
tracking is the external turn and — 1 1s set on the CCW.
The tracking direction i1s determined 1n such a way that

the extreme point closer to the indicating point P is the
terminal point of the start element. In the case of FIG.

6, the point A 1s determined as the terminal point, and
the tracking direction is determined 1in the direction of
arrow mark, and in the case of FIG. 7B, the point A 1s
determined as the terminal point, and the tracking direc-
tion 1s determined in the direction of arrow mark. Next,
the extreme point processing of the contour tracking
processing program in the block 3 of FIG. 1 will be
described 1n detail.

In FIG. 3, starting from the start element BA, the
tracking takes place as shown by the arrow mark, and
reaches the initial extreme point a. At this time, the
processing that determines the drawing element to b
traced next is the extreme point processing, and this
processing finds the angle € formed by the final selec-
tion element Ca just before the extreme point a and the

candidate elements aD and aE to be chosen next by the
counterclockwise turn using the final selection element
Ca as the standard, and determines the selection of the
candidate elements to be chosen next by the predeter-
mined conditions on the basis of this angle 6 and either
the internal turn or the external turn of the tracking
direction. The processing of finding the angle € 1s called
the angle setting.

A summary of the extreme point processing will be
described by referring to the drawing shown in FIG. 3
in which at the time of reaching the extreme point a, the
angles are found which are formed by the counterclock-
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wise turn using the final selection element Ca and the
element Ca of the candidate elements aD and aE to be
chosen next as the standards. Assuming that the angle at
the element ab side is 8aD (refer to FIG. 4A), and the
angle at the element aE side is 8aE (refer to FI1G. 4B),

in the case of the external turn tracking. the following
condition 1s adopted:

angle 8a 1o be wleffed¥ Max (8aD, 8aE)=60aD

Accordingly, in this case, the tracking of the element
aD takes place. In FIG. 3, next 1t passes point F and
reaches an extreme point b. At this time, an angle 6b
formed by the counterclockwise turn is found which
uses the final selection element FG of the element bH to
be selected next as a standard. In the case of the external
turn tracking, the selection may be made which satisfies
the condition of 8 >m. Accordingly, in this case, the
tracking of the element bH is taken place. The tracking
takes place similarly in the following, passing the ex-
treme points ¢ and d. The result of the tracking becomes
B—-A—-+C—a—-»D--+F-—-b—-H—»c—+d—-B, forming the
contour drawing as shown in F1G. 2B. In the case the
indicating point P 1s set as shown in FIG. §, the start
element is set at BA by the block 2 in FIG. 1, and the
tracking direction is set in the B—A direction, and 1s set
in the internal turn. In this case too, starting from the
start element BA, the tracking takes place as shown by
the arrow mark in the drawing, and reaches the initial
extreme point a. In this case, in order to assure the
internal turn,

the angle 8a to be selected=Min (8aD. 8aF)=6aLE

is adopted. Accordingly, in this stage, the tracking of
the clement ak takes place. Next, the tracking reaches
the extreme point e. In this case, in order to assure the
internal turn, the element satisfying the condition of
fe < mis adopted. Accordingly, at this stage. the track-
ing of the element ef takes place. In the following step,
similar tracking takes place, passing the extreme points
f and d. The result of the tracking forms the contour
drawing of B-~A—C-—a—E-—e—f{—d—B as shown in
FIG. 1C.

Next, the processing of the extreme point, namely,
the method of determining the tracking element will be
described 1n detail.

F1G. 8 shows a prerequisite of the candidate elements
to be chosen next. The element having the terminal
points of the final selection elements in common as
shown in F1G. 8A or the one in which the terminal
point of the final selection element 1s on the element as
shown in FIG. 8B or the element having either extreme
point on the final selection element as shown in F1G. 8C
are the condition of the candidate elements to be chosen
next.

Each point in FIG. 8 is set as s center, and an angle
between a final selection element and a next selection
element is made as 6, and a flag CCW 1is | (internal
turn), the element having a smaller 8 (A—B—C in FIG.
9A) is chosen with a priority, and in case where the flag
CCW is — | (external turn), the element having a larger
@ (A—B—E in FIG. 9B) is chosen with a prionty.

As shown in FIG. 10A and FIG. 10B, in case either
one or both of the elements are ores (including a circle),
an angle formed by a tangent and a straight line at both
extreme points is made as 8 or an angle formed by both
the tangents is made as 8. As shown in FIG. 11, 1n case
a plurality of candidate elements to be chosen next are
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found on the final selection element, the element closer
to the start point of the final selection element is chosen
with a priority rather than the value of 8, provided that,
if the CCW is 1 (internal turn), the element satisfies
8 <, and if the CCW is — 1 (external turn), the element

satisfies @ <.
The method of determining the order of priority in
this case # formed for each of a plurality of candidate

elements to be chosen next at the identical point become
all identical will be described by referring to FIG. 12.
The discrimination standards of the case where 6 are

all identical at the identical point is such that in case the
candidate element to be chosen next is the arc, the ra-

+dius and the direction (nf is set with 1 on the basis of the
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counterclockwise turn, and — 1 being on the basis of the
clockwise turn) of the start point/terminal point with
the object point (point where the angles are identical)
and the value of the CCW (either internal turn or exter-
nal turn) are employed.

In case the candidate element to be chosen next i1s the
straight line, the radius is assumed to be an arc of infinite
radius, and — CCW is placed in the nf for convenience
sake. When the CCW and nf coincide, the element hav-
ing the larger radius is chosen with a priority, and in the
case the CCW and nf do not coincide, the element hav-
ing the smaller radius is chosen with a priority, and also,
the case where the CCW and nf do not coincide 1s
chosen with a priority.

From the foregoing condition:

In the case of CCW —1 (internal turn), the element
having the arc d with the larger radius is chosen from
among the elements of nf=1 (where the CCW and nf
coincide). The element having the arc a (smaller radius)
1s chosen from among the elements of nf=—1 (where
the CCW and nf do not coincide) 1s chosen. The order
of priority in this case is 3-+~d—c—b—a (top prionty
order).

In the case of CCW = —1 (external turn), the element
having the arc b (larger radius) is chosen from among
the elements of nf— —1 (where the CCW and nf coin-
cide). The element having the arc e (smaller radius) 1s
chosen from among the elements of nf=1 (where the
CCW and nf do not coincide). The prionty order in this
case is a—b—c—d—e (top priority order).

Next, when the angle 6 1s found to be zero or 2=,
which value an operator should take will be described.

When the final selection element i1s the arc, the radius
(br) and the direction (bf) of the start point are used as
the discrimination standard. When the final selection
element is the straight line, bf=0 1s assumed and the
separate processing is taken place. When the candidate
element to be chosen 1s the straight line,

(1) The final selection element is the straight line
(bf =0), the element is discriminated as the identical
element, and 1s removed from the candidate (refer to
FI1G. 13).

(2) The final selection element 1s the arc, the process-
ing takes place assuming it to be zero (refer to FIG. 14)
on the basis of bf=1 (counterclockwise turn), and as-
suming ti to be 27 (refer to F1G. 14) on the basis of
bf=—1 (clockwise turn).

When the candidate element to be chosen is the arc,
assuming that the radius is nr, and the start point/termi-
nal point direction with the terminal point as the start
point 1s nf,

(1) The final selection element is the straight line:
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Assuming CCHW=nf,

the processing takes place assuming it to be the 2=
(refer to FIG. 15A) on the basis of the CCW =1 (inter-
nal turn), and assuming it to be the zero (refer to FIG.
15A) on the basis of the CCW = — 1 (external turn).

Assuming CCH ' =n/.

the processing takes place assuming it to be the zero
(refer 1o FIG. 16A) on the basis of the CCW =1 (inter-
nal turn) and assuming it to be 27 (refer to FIG. 16B) on
the basis of the CCW = — 1 (external turn).

(2) When =£nf and br=nr (concentric circles) are
formed, the elements are discriminated as the identical
element, and they are removed from the candidate
(refer to FIG. 17).

(3) When bfs£nf and also br>nr are formed (refer to
FI1G. 18), the processing takes place assuming 1t to be

the 27 on the basis of the bf=1, and assuming it to be

zero on the basis of bf= —1.

(4) When bf=nf or br>nr is formed (refer to FIG.
18), the processing takes place assuming 1t to be zero on
the basis of the bf=1, and assuming it to be 27 on the
basis of bf= —1.

The present invention has been constructed as de-
scribed in the foregoing. and as a result, the present
invention discriminates the direction of the internal turn
and the external turn automatically and makes tracking
of the contour of the drawing element automatically
which are effects of the present invention.

What is claimed is:

1. An automatic contour tracking method for CAD in
which a start element is indicated from continuous ele-
ments of a drawing on a display, and a tracking direc-
tion and an internal turn and an external turn are set,
and the continuous elements are sequentially discrimi-
nated and selected according to the tracking direction
and the internal turn and the external turn on the basis
of the start element as the basic point whereby contour
data is obtained automatically, the improved automatic
contour tracking method comprising finding an angle 6
between a final selection element and a candidate ele-
ment to be chosen next when the next candidate ele-
ment to be chosen next appears on the final selection
element, and selecting one element from among a plu-
ralitv of candidate elements to be chosen by giving a
priority on the element having smaller angle 6 in case
the contour tracking is the internal turn, and giving a
priority on the element having larger angle 6 1n case the
contour tracking is the external turn.

2. An automatic contour tracking method for CAD
according to claim 1 in which an element of a drawing
which is the closest to a hit position of a cursor on the
display is indicated as a start element.

3. An automatic contour tracking method for CAD
according to claim 1 or claim 2 in which in case the
indicated start element is a straight line, and it has two
extreme points which points are A and B and a cursor
hit position is P, the processing is taken place assuming
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6

it to be the internal turn on the basis of the angle formed
by the extreme point far from the P and the P is smaller
than 7 centering the extreme point closer to the P and
assuming it to be the external turn on the basis of the
angle being larger than .

4. An automatic contour tracking method for CAD
according to claim 1 or claim 2 in which in case the
indicated start element is an arc, the processing 1s taken
place assuming it to be the internal turn on the basis of
the angle formed by the point on a tangent drawn in the
direction of an arc solid from an extreme point and the
P is smaller than 7 centering the extreme point closer to
the cursor hit position and assuming it to be the external
turn assuming it to be the external turn on the basis of
the angle being bigger than 7.

§. An automatic contour tracking method for CAD
according to claim 1 or claim 2 in which an extreme
point closer to a cursor hit position P is the terminal
point of the start element to set the tracking direction.

6. An automatic contour tracking method for CAD
according to claim 1 in which one element or both
elements of the final selection element and the candidate
element to be chosen next are either a circle or an arc,
the angle formed by the tangent at two extreme points
and a straight line or the angle formed by both the
tangents 1s 6.

7. An automatic contour tracking method for CAD
according to claim 1 in which in case a plurality of
candidate elements to be chosen next are on the final
selection element, the processing takes place by selec-
tion with a priority on the element closer to a start
extreme point of the final selection element than the
value of the angle 0 satisfying the condition in case the
angle @ is smaller than € for the internal turn, and the
angle @ is bigger than 7 for the external turn.

8. An automatic contour tracking method for CAD
according to claim 1 in which the standard for deter-
mining the priority order is based on the radius and the
direction of a start point and a terminal point assuming
the points to be identical as the start point in case the
angle 0 is identical at the identical point and the element
to be chosen next is an arc, and also the internal turn and
the external turn.

9. An automatic contour tracking method for CAD
according to claim 8 in which a priority if given on the
element having a smaller radius of the arc assuming the
external turn being in the counterclockwise direction
and the internal turn being in the clockwise direction
and the direction of a tracking mode and the direction
of the start point/terminal point of the arc coincide, and
a priority is given on the element having a smaller ra-
dius of the arc assuming the direction of the tracking
mode and the direction of the start point/terminal point
of the arc do not coincide, and a priority is given on the
case where the direction of the tracking mode and the

direction of the start point/terminal point of the arc do

not coincide.
% & % * ¥
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